Objectives-To compare lung ultrasonography (US) in the sitting or supine positions and the lateral decubitus position, with regard to the feasibility, duration, patient convenience, and assessment of B-lines, in patients with idiopathic pulmonary fibrosis.
T he role of lung ultrasonography (US) in the assessment of lung interstitial syndrome has recently been established, [1] [2] [3] [4] [5] with multiple B-lines representing its US hallmark. 1 Interstitial syndrome encompasses a diverse group of clinical entities, including acute conditions such as cardiogenic pulmonary edema and acute respiratory distress syndrome, as well as chronic conditions, including interstitial pulmonary fibrosis. In critically ill patients, the US evaluation should be rapid, including scanning of 8 or 2 lung intercostal spaces. 1 However, an optimal evaluation and semiquantification/quantification of pulmonary fibrosis require more comprehensive and timeconsuming scanning protocols with the patient in the sitting and supine positions. 5 Patients with pulmonary fibrosis who are thoroughly evaluated by an extensive US protocol in the sitting and supine positions may report discomfort or have respiratory distress. Therefore, we attempted to perform a comprehensive lung US protocol by placing the patient in the lateral decubitus position. To the best of our knowledge, there are no studies evaluating the impact of patient positioning during the assessment of B-lines in patients with pulmonary fibrosis, and the international consensus conference guidelines do not define the optimal patient position for US assessment of interstitial pulmonary fibrosis. 1 In this study, we sought to compare lung US in the sitting or supine positions and right/left lateral decubitus position, with regard to the feasibility, duration, patient convenience, and assessment of B-lines, in patients with idiopathic pulmonary fibrosis. Lung US findings were compared with high-resolution computed tomography (CT), which served as the reference standard.
Materials and Methods

Patients
From October 2013 to October 2015, 21 consecutive patients who were admitted to the Interstitial Lung Disease Unit of the Department of Thoracic Medicine at our university Hospital were prospectively included in the study. Inclusion criteria comprised the following: (1) an established diagnosis of idiopathic pulmonary fibrosis; and (2) recent (up to 2 weeks before referral) chest high-resolution CT. The diagnosis of idiopathic pulmonary fibrosis was made after a multidisciplinary discussion between pulmonologists, radiologists, and pathologists, who were experienced in the diagnosis of interstitial lung disease, according to international criteria, including the following: (1) exclusion of other known causes of interstitial lung disease; (2) the presence of a usual interstitial pneumonia pattern on high-resolution CT (16 patients); and (3) specific combinations of high-resolution CT and surgical lung biopsy patterns (5 patients). 6 Exclusion criteria included the following: (1) a history of pulmonary neoplasia; (2) causes of interstitial fluid (heart failure, diastolic dysfunction, pneumonia, asthma, and pulmonary edema); and (3) moderate or severe pleural effusion. The diagnosis of causes of interstitial fluid mentioned previously was based on clinical data and echocardiography, which were available in all patients. One patient was a current smoker, and 6 patients were ex-smokers. Two patients had a history of osteoporosis, and 1 of them had severe hip and knee joint osteoarthritis. Otherwise, the medical histories of the enrolled patients were unremarkable.
The study was conducted according to the Declaration of Helsinki and local regulations. Ethical approval was obtained from the University Ethics Committee, and written informed consent to undergo thorough lung US was obtained from all patients.
Lung US Technique All lung US examinations were performed by a fifth-year radiology resident with 3 years of experience in US studies for lung and joint assessment. All examinations were performed at the Department of Radiology of our university hospital with a LOGIQ 7 US machine equipped with a 3-9-MHz micro-convex transducer (GE Healthcare, Milwaukee, WI). Ultrasonographic parameters were adjusted in each patient to obtain the maximal contrast between the examined structures.
Ultrasonographic images were obtained by placing the transducer parallel to the examined lung intercostal spaces and moving it longitudinally along anatomic reference lines, yielding a comprehensive 56-lung intercostal space US assessment of the anterior and posterior chest. 4, 5, 7 intercostal sites used for US examinations. Assessment of the left anterior fifth lung intercostal space was not attempted, as the heart impairs proper visualization. Compared with previous studies, 4,5,7 we chose to extend scanning along the paravertebral lines caudally to include the 2 lowest lung intercostal spaces because of the higher prevalence of idiopathic pulmonary fibrosis in the pulmonary bases and accessibility by US.
The patients were examined twice by 2 different lung US protocols (protocols 1 and 2). During protocol 1, US images were obtained with patients in the supine position for the anterior chest and the sitting position for the dorsal chest, by scanning the 56 lung intercostal spaces described previously. During protocol 2, patients were examined in the left lateral decubitus position for the evaluation of the right anterior and posterior chest and in the right lateral decubitus position for the evaluation of the left anterior and posterior chest, by scanning all of the 56 lung intercostal spaces. The study was randomized to which protocol was performed first by performing the protocols alternately.
Analysis
Lung US studies were analyzed independently by the fifth-year resident who performed the examinations and by a senior radiologist with 20 years of experience in pulmonary high-resolution CT and interstitial lung disease, who supervised all US procedures. Both radiologists were blinded to the clinical data, to each other's lung US analysis, to high-resolution CT findings, as well as to pulmonary function tests.
The US B-line, which is defined as a vertical hyperechoic reverberation artifact, originates from the pleural line and extends deeply to the edge of the screen (Figure 1 ) while moving synchronously with the pleural movement. 1 In each lung intercostal space, the number of US B-lines was recorded. In those lung intercostal spaces where B-lines were confluent, their absolute number arose from the division of the percentage of the lung intercostal space occupied by B-lines by 10. 1 The total US score was calculated as the sum of the B-lines counted in each lung intercostal space, whereas the anterior and posterior US scores resulted from the sum of all B-lines recorded at the anterior and posterior chest, respectively.
The interobserver reliability was assessed during both protocols for all patients. Additionally, the intraobserver reliability of the B-line evaluation during protocols 1 and 2 was assessed in 10 patients involved in the study who consented to undergo a second US examination. All of these patients were reexamined by the same investigator who performed the initial US study 1 week after the baseline assessment. All patients were asked not to discuss data regarding their previous lung US examination or high-resolution CT findings.
The duration of each lung US protocol in minutes was recorded in all patients. Finally, each patient was questioned about his or her preference for protocol 1 or 2, in terms of convenience.
Chest High-Resolution CT Technique All chest high-resolution CT examinations were performed at the Department of Radiology of our university hospital with a 16-row Somatom scanner (Siemens AG, Erlangen, Germany) using a standard protocol (120-140 kV and 300 mA; slice thickness, 1 mm; slice spacing, 10 mm). The scans were reconstructed with a bone algorithm. Scans were obtained at full inspiration from the lung apex to the lung base with the patients in the supine position. In patients with increased opacification in the posterocaudal segments, additional sections were acquired through the lower lung zones, with the patient in the prone or lateral decubitus position, to exclude gravity-dependent changes. No intravenous contrast material was administered. 
All chest high-resolution CT examinations were analyzed by a senior radiologist with 18 years of experience, who was blinded to patients' and clinical data as well as to lung US findings and pulmonary function test results. Pulmonary involvement was evaluated according to the Warrick score, as previously described. 8 
Statistical Analysis
For the statistical analysis MedCalc version 10.0 software (MedCalc Software, Mariakerke, Belgium) was used. Standard descriptive results were expressed as mean 6 standard deviation. Univariate comparisons were made by 2-sample t tests. The correlation between parameters was assessed by the Pearson correlation, as appropriate. P < .005 was considered statistically significant. To assess intraobserver and interobserver reliability between the investigators, weighted j statistics were calculated. 9 
Results
One patient who had discomfort during the firstperformed US protocol 1 did not manage to complete any of the US protocols and was excluded from the study. Thus 20 of 21 patients were examined (16 male and 4 female). The mean age 6 SD was 70.40 6 8.01 years (range, 55-83 years). The distribution of the severity of lung involvement, as assessed by the Warrick score on high-resolution CT, in the study population is shown in Table 2 .
A total of 1.120 lung intercostal spaces was assessed for B-lines for each protocol. Lung US by both protocols was completed in all 20 patients with 2 exceptions: the examination of the left fourth lung intercostal space in 1 patient and the examination of the left third and fourth lung intercostal spaces in another were not feasible by both protocols because of excessive pericardial fat, as confirmed on the respective high-resolution CT. A significant correlation was found between total US scores for both US protocols and Warrick scores (Figure 2 The j values for the interobserver reliability of total lung US scores were 0.809 and 0.825 for protocols 1 and 2, respectively, for the 20 patients included in the study. The j values for the intraobserver reliability of total lung US scores were 0.817 and 0.812 for protocols 1 and 2.
A significant difference between the mean time spent on protocol 1 (23.25 6 2.97 minutes; range, 16-29 minutes) and protocol 2 (19.45 6 3.88 minutes; range, 9-25 minutes) was found (P < .005). A significant positive linear correlation was found between the duration of the lung US examination and the total US scores for both protocols 1 and 2 (r 2 5 0.97 and 0.93 respectively; P < .0001), as well as between the duration of the lung US examination and the Warrick scores for both protocols 1 and 2 (r 2 5 0.9 and 0.84, respectively; P < .0001).
Nineteen of 20 patients (95%) reported a preference for protocol 2 versus protocol 1. One patient who reported a preference for protocol 1 had a history of severe osteoarthritis of her right hip joint and thus had difficulty remaining in the right lateral decubitus position. 
Discussion
Detection and characterization of lung changes in patients with idiopathic pulmonary fibrosis is crucial for establishing a correct diagnosis. 6 Although highresolution CT, admittedly, remains the referencestandard diagnostic technique, 6 lung US could potentially provide support in diagnosis, monitoring lung disease progression, and evaluation of the treatment outcome. The clinical impact of this potential is magnified by the need to reduce radiation exposure in patients who require serial imaging investigations. 
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Lung US is an easily available, noninvasive, nonionizing, and low-cost method with a steep learning curve, concerning its performance and interpretation. In the presence of interstitial lung fibrosis, the lung US pattern is characterized by the presence of an inhomogeneous distribution of Blines accompanied by pleural and subpleural abnormalities. 1 Lung US has been widely used to assess a variety of lung conditions, including, among others, pulmonary interstitial edema, 10, 11 pneumothorax, 12 pleural effusions, 13 and lung consolidations. 14, 15 Its role in the assessment of interstitial pulmonary fibrosis remains currently under investigation. 5, 7, [16] [17] [18] [19] Research has focused on US evaluation of pulmonary involvement in systemic sclerosis and rheumatoid arthritis, 5, [16] [17] [18] [19] demonstrating that US scores correlate with the presence and severity of pulmonary fibrosis, as shown by subsequent chest high-resolution CT. 5 However, no data are available regarding the potential role of lung US in patients with idiopathic pulmonary fibrosis.
Proposed lung US protocols for the evaluation of interstitial pulmonary fibrosis recommend assessment of 50 to 72 lung intercostal spaces. 4, 5, 7, 19 Simplification of lung US in pulmonary fibrosis has been attempted to ensure its wider application without compromising efficiency in everyday clinical practice. 7, 17 We did not simplify our US protocol; instead, we applied a right/left lateral decubitus position protocol in an attempt to increase comfort for elderly and uncooperative patients.
To the best of our knowledge, there are no studies that have evaluated the impact of patient positioning during the assessment of B-lines in patients with pulmonary fibrosis. A previous study in a population with heart failure suggested that patient positioning may affect the number of B-lines on lung US. 20 Patient positioning and the respiratory state may affect the number of detected B-lines. The above assumption is supported by previous CT studies showing that lung attenuation varies in relation to the degree of lung inflation and the dependency of the region studied, 21 and that changes in body position increase lung attenuation in the dependent lung areas. 22, 23 Previous studies evaluating US findings in patients with pulmonary fibrosis did not provide information concerning the phase of the respiratory cycle at which the number of B-lines was counted. Our modified lung US technique, with the patient in the lateral decubitus position, ensures scanning mostly during deep inspiration because the nondependent hemithorax facing up will be on inspiration, and the dependent hemithorax abutting the examination table will be on expiration. 24, 25 The inspirational state of the examined hemithorax, being consistent with the respiratory phase at which high-resolution CT images are routinely acquired, together with the fact that the dependent lung segments are shifted paramediastinally during a US examination in the lateral decubitus position, may at least partially explain 2 results of our study: (1) the lower number of B-lines detected; and (2) the slightly higher correlation of the total US scores with the Warrick scores during protocol 2. Although in our study population, there was no statistically significant difference regarding the US scores between protocols 1 and 2, further research may be required in patients with lung interstitial diseases to investigate whether significant differences may exist.
The mean time spent in performing protocol 2 was significantly less than that for protocol 1 (19.45 versus 23.25 minutes). A previous study reported a mean time of 23.3 minutes for performing a comprehensive lung US. 7 Finally, we found a significant positive correlation between the duration of the lung US examination and the total US scores as well as the Warrick scores for both protocols, a fact that may imply that the more severe the pulmonary fibrosis, the longer the duration of the US examination, an issue that was also commented on by Gutierrez et al. 7 One limitation of our study was the relatively low number of enrolled patients. Second, because of the conduction of 2 comprehensive lung US protocols in each patient, resulting in an examination lasting longer than 40 minutes in total, it was extremely difficult to assess the intraobserver reliability in all patients involved in the study. Thus, we assessed the intraobserver reliability in 10 patients, who gave their consent to undergo a second lung US examination.
In conclusion, this study introduces a modified comprehensive lung US technique with the patient in the right/left lateral decubitus position instead of the supine or sitting positions. With regard to previously reported comprehensive protocols, there appears to be no difference regarding feasibility, less time spent, less subjective patient discomfort, no significant difference regarding the number of B-lines, and a slightly higher correlation with the Warrick score on high-resolution CT in patients with idiopathic pulmonary fibrosis.
